In the health sciences, a wide range of computer-based courseware is now available. The aim of the study described in this paper has been to compare the effectiveness of a computer-based learning (CBL) software package and a traditional lecture (TL) for the delivery, of introductory material on pain. Nineteen undergraduate nursing students were divided into two groups to attend a one-hour learning session which introduced clinical aspects of pain and which was delivered by either CBL or TL. Students were assessed for prior knowledge by a pre-session test, and for knowledge gain by an identical post-session test. In addition, a multiple-choice question paper was used to examine differences in pain knowledge
Introduction
Pain is one of the most frequent complaints presenting to medical institutions. However, pain and its management continues to be marginalized in the content of health-care professional education due in part to the multi-disciplinary nature of the subject which makes it difficult to locate within the curriculum (Bonica, 1987; Liebeskind and Melzack, 1987; Marcer and Deighton, 1988; Pilowsky, 1988) . Furthermore, the factual elements relating to pain often overlap with other parts of the curriculum, making it impossible to decide who should deliver the information, and how much time can be devoted within the limited time frame of normal health-care professional courses (Max, 1992) . The International Association for the Study of Pain (IASP) core curriculum on pain education was developed to overcome some of these problems (Fields, 1995) .
Traditionally the lecture has been considered as the most efficient and convenient method for disseminating information to health-care professionals. However, there are a number of inherent problems with the use of lecture-based education. In the biomedical and clinical science arenas there has been a large expansion in knowledge in the field and, as a consequence, educators are prone to try to deliver more and more information into their allotted time-slot in the course. Consequently, students are overloaded with information and lecturers do not allow students to develop the problem-solving skills which are essential in clinical reasoning (Barrows, 1983; Wilson et al, 1992) . The widespread availability of computers and the development of a wide range of courseware mean that this need no longer be the case. Students engaged in computer-based learning (CBL) can control the pace of their learning and study independently with potential savings in staff time while achieving primary learning goals . Moreover, it is important to employ a variety of educational methodologies to improve the learning experience of students and to reinforce facts. In this respect, CBL software packages are becoming a useful tool for modern-day medical students.
An interactive computer-based tutorial which aimed to introduce the clinical aspects of pain has been developed by ourselves (Johnson and Dewhurst, 1996) using Authorware Professional. The aim of the preliminary study presented in this paper was to evaluate whether the CBL program could adequately replace a traditional lecture (TL) on pain and its management.
Methods

Subjects
Nineteen undergraduate students (17 female, 2 male) at Leeds Metropolitan University participated in the study. The students were at Level (year) 2 of a four-year BSc (Hons) Nursing course, and had not received any previous formal lectures on pain or its management. However, the students had received a one-hour informal tutorial on psychological aspects of the pain experience and pain-assessment methods. All students were familiar with the use of CBL and had used a number of biomedical CBL programs at Level 1 of the course.
Procedure
Prior to the study, students were asked to identify their preferred mode of learning (lecture n = 11; CBL n = 8). The class was then divided into two groups to attend a one-hour session of either CBL or TL. Only half of the students in the class were allowed to attend their preferred mode of study (CBL group preferred mode, TL = 5, CBL = 4; TL group preferred mode, CBL = 4, TL = 6). The content of the lecture was identical to that of the CBL program. Students were assessed for prior knowledge by a 30-minute pre-session test, and were told that they would be re-examined after the learning session. Students were allowed a coffee break after the learning session before they attempted to complete three post-session tests, viz: (i) a short answer examination (identical to the pre-test, although students were unaware of this fact); (ii) a multiple-choice question (MCQ) paper (20 questions); and (iii) an attitude questionnaire.
Tests of knowledge acquired Pre-and post-test examination paper
The pre-and post-test examination paper consisted of 10 short answer questions. Students were allowed 30 minutes to complete the paper which was subdivided into Section A (to assess student understanding of pain terminology) and Section B (to assess student understanding of clinical aspects of pain). Section A questions were: Questions 9 and 10 were not based on material delivered during the learning session and were included as controls. Questions 6 to 10 were marked by the lecturer (MIJ) using a side-by-side comparison of pre-and post-test scripts (blind) and identifying the best content-based answer. On breaking the code, a better post-test answer was assigned +1 in the data set, a better pre-test answer a -1, and if both answers were equal in their content a value 0 was recorded. The results of the examinations were analysed by subtracting numerical scores for section A of the pre-test short-answer questionnaire from post-test scores, group differences being determined using an unpaired t-test. Pre-to postdifferences for the whole group for section B were analysed using the Binomial Sign Test, and differences pre versus post between CBL and TL were analysed using the MannWhitney U Test.
Post-session multiple-choice paper A 20-minute, 20-question multiple-choice paper was used to assess post-session differences in knowledge in a variety of basic and clinical aspects of pain between the two groups. Questions included a stem and a selection of 5 possible answers of which only one was correct. Examples of stems included: Pain can be best described as ... Which of the following is NOT a characteristic of chronic pain...
Which of the following is NOT a descriptor associated with the SENSORY components of pain?
The basic means of pain assessment in the human isby...
Group differences in MCQ scores were analysed using an unpaired t-test.
Learning-session evaluation questionnaire
A questionnaire was used to evaluate the views of the students towards their learning experience during the session that they attended. The questionnaire consisted of 23 statements (see Appendix) and was administered immediately after the MCQ examination. Students were requested to rank their agreement or disagreement with statements using a 5-point Likert scale (Likert, 1932) using the following descriptors: Strongly agree (+2), Agree (+1), Neutral (0), Disagree (-1), Strongly disagree (-2). Differences in the median responses between the CBL and TL students were analysed using the Mann-Whitney Test.
Material delivered during the learning session
The learning session aimed to introduce students to general concepts of pain. The content of the CBL and TL were identical and delivered in the following order: The lecture was delivered by an IASP member (MIJ) using a combination of OHP transparencies (text and diagrams) and a whiteboard. Students were occasionally engaged by questions from the lecturer, although students were discouraged from asking questions until the end of the session. Students made notes during the lecture. The CBL program consisted of 10 sections, each containing a number of pages which combined descriptive text with high-resolution graphics. Features actively to engage the student -such as animation, a Hypertext facility, hangman games, drag-and-drop exercises, interpreting pain charts, completing statements, and multiple choice and true/false questions -were included in the program The CBL session was supervised by an IT specialist who was able to troubleshoot software and program navigational problems but was who was unable to advise on any specific aspects of the academic content of package. Students were instructed on the general aspects of navigation through the CBL package and were advised to examine the program Instructions for Use section before starting.
Results
Knowledge acquired
Pre-and post-tests No significant differences were observed between the groups in pre-test scores for section A (pain terminology, mean ±SD: CBL = 4.6±1.2; TL = 3.8±1.9; P = 0.29, unpaired t-test).
There was a significant knowledge gain for section A between the pre-and post-sessions for the whole class (pre-test = 4.2+1.6; post-test = 6.8±1.9; P<0.01, paired t-test), and a significantly greater knowledge gain for students attending TL compared to CBL (increase pre-to post-test CBL = +1.4±2.3; TL = +3.8±2.2; P<0.05, unpaired t-test). There was a significant knowledge gain between the pre-and post-sessions for the whole class for Section B Q7 (P<0.01, Binomial Sign Test) and Q8 (P<0.01), but not for Q9 and Q10 (P>0.05, control questions) or Q6 (P>0.05). Q6 required students to name as many painful conditions as they could, and it is likely that the examples of painful conditions used during the TL and CBL were already familiar to the students. No significant differences in knowledge gain were observed between CBL and TL for any of the section B questions.
MCQ paper There were no significant differences in post-session MCQ scores between CBL (15.8±1.6) and TL (16.312.8) students (mean+SD; P = 0.62, unpaired t-test). As no pre-test MCQ scores were obtained, it was not possible to determine whether there had been any knowledge gain.
Student attitudes to the learning session
Students from both groups expressed similar views towards their learning session (see Appendix). They agreed that they would recommend their session to colleagues interested in the subject (Q22), and that their session should be used again in future courses (Q21). They felt that the material in the CBL/TL was interesting (Q8), easy to follow (Q7), enjoyable (Q9), and they agreed that they gained much new information (Q15) and understanding of pain (Q16).
Significant differences were noted between the groups for Q3, Q17, and Q20 (Appendix). All 9 students attending the CBL session either 'strongly agreed' or 'agreed' that they were in control of their learning (Q3 median = 'strongly agree') compared to only 3 out of 10 TL students (median = 'neutral'; P<0.01). This finding was supported by the results of an open-ended question where students reported that the 'best feature' of CBL was the ability to work through topics at their own pace, something which allowed them to spend more time on topics they found difficult (55% of responses). However, CBL students were allowed to use the program for only one hour. This may have compromised their ability to complete all the material, and may thus have contributed to the differences in knowledge gain between the groups observed in section A (pain terminology) of the short-question paper. 45% of CBL students stated that the 'best feature' of the program was its interactive properties which made them think through problems and allowed them to work at their own pace.
Eight out of ten TL students 'strongly agreed' that the lecture was a better way to learn than private reading compared to three out of nine CBL students (Q17, median response: TL = 'strongly agree'; CBL = 'agree'; P<0.05). Similarly, when comparing their learning session to a tutorial, seven out of nine TL students 'strongly agreed' or 'agreed ' that the lecture was a better way to learn than a tutorial. Only one out of nine CBL students 'agreed' that CBL was a better way to learn than a tutorial (Q20, P<0.01). However, the identical response distributions for Q15 and Q16 may indicate that students failed to differentiate between certain terms in the questionnaire, and it is possible that students applied a generic definition to the word 'learn'. The variations in student attitudes between the different methods of delivery of material therefore merits further examination.
Discussion
This study has demonstrated that CBL can be a useful adjunct to the delivery of educational material on pain. It is consistent in this respect with other studies in the area of biomedical science that attempt to replace or supplement existing teaching methods (Safrit et al, 1988; Garrett et al, 1990; Walsh and Bohn, 1990; Hollingsworth and Foster, 1991; Garrud et al, 1993; Napholz and McCanse, 1994; Stanford et al, 1994; Hutchins et al, 1995; Stehr-Green and Gathany, 1995; Gunn and Maxwell, 1996) . Studies that oppose the view that CBL can replace existing methods include Garrett et al (1987) . There has been much argument as to the validity of studies that take the experimental approach to evaluating the effectiveness of learning technology, and no firm conclusions have been drawn as yet, but Clark (1985a; 1985b) provides a thorough explanation of ways in which such studies may be confounded.
It was found that students attending a one-hour CBL session significantly gained in knowledge about pain when compared to their pre-session baseline. However, students attending the lecture showed a greater increase in knowledge acquired for basic pain terminology when compared to students attending the CBL session, although the magnitude of knowledge gain on other questions (e.g. Section B and MCQ) was comparable. Similar views about the learning experience were found between CBL and TL students, although TL students were more positive towards the role of traditional lectures when compared to private reading and tutorials than CBL students were towards CBL. We suspect that students view CBL as a method to supplement rather than replace traditional lectures, a suspicion supported by Garrett et al (1987) .
Students attending the CBL session appeared to be deficient in knowledge acquired for basic pain terminology (Section A). Subsequent to the study, we have found that, on average, it takes our nursing students two to four hours to thoroughly complete the CBL program. As students in the present study were given only one hour to complete it, it is likely that they will have quickly progressed through the entire program in an effort to observe all information rather than systematically attempting to answer problems from each section. Moreover, the lecture delivered a concentrated version of the material contained within the CBL program and it is likely that more emphasis was given by the lecturer to basic terminology. Napholz and McCanse (1994) suggest that CBL can reduce the time students need to learn specific content.
It is often perceived by lecturing staff that disseminating content-based material is achieved most quickly by lectures, although students often report that they are overwhelmed by the volume of material delivered. CBL students commented that the interactive properties of the CBL program enabled them to think through problems and allowed them to study at their own pace. The finding that students in the CBL group felt more in control of their learning is important. They reported that the best feature of CBL was the ability it gave them to spend more time on topics they found difficult. Students are more confident in their ability and consequently more enthusiastic about their learning when they feel that they are in control of the pace of their studies. Lectures ultimately dictate the speed of delivery of information and allow no flexibility for the wide range of student abilities within groups. Lecturers commonly encounter problems with students who fall behind due to an inability to assimilate difficult information quickly during the course of a lecture. With an ever-increasing range of student ability entering higher education, it is important to allow students to learn at a pace which is comfortable for them. As students have a greater access to computers, CBL programs will enable them to manage their own time. Furthermore, students quickly forget the factual elements of the curriculum after examinations and the reinforcement of facts is therefore an essential part of the learning experience (Levine and Forman 1973) . CBL packages can be a useful and enjoyable revision tool.
A significantly greater proportion of TL students rated the session as a better way to learn than both private reading and a tutorial. This finding is interesting and suggests, once again, that students may see CBL as being more appropriate as tutorial material than as replacing the traditional lecture. Fincher et al (1988) have shown that medical students using, CBL for the learning of electrocardiography performed significantly better than an equivalent group attending a weekly seminar on the subject for a six-week period. We currently use CBL as an independent study task to be completed outside formal teaching time and following one introductory lecture on pain. However, caution must be applied when interpreting the findings of our attitudes questionnaire. Although users' opinions and attitudes are routinely used to evaluate CBL, Jones and McCormac (1992) have shown that such criteria are poor evaluation tools as it can be difficult to standardize student interpretation of words used within the questionnaire. The identical response distributions for Q15 and Q16 (Appendix) may indicate that students have failed to differentiate between the terms 'information' and 'understanding', and it is likely that students applied a generic definition to the word 'learn' which encompasses a combination of gain in factual information, understanding and cognitive ability.
In general, the learning-session evaluation questionnaire revealed few differences in student views towards their respective learning experiences. This suggests that students are comfortable with CBL as a study aid, and students agreed that they would recommend CBL to colleagues interested in the subject. This is important, given an ever-increasing consumer-based student population who demand educational value for money. CBL students reported some problems associated with navigating through the program, and some students expressed concern that they might accidentally miss important information. Furthermore, some students expressed worry at the lack of lecture notes for future reference. Students attending the lecture reported that one of the best features of lectures was the ability readily to obtain these. A study guide incorporating printed lecture notes has been designed to accompany the CBL program in an attempt to overcome this problem.
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